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1
MULTIFUNCTIONAL ABLATION DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

N/A

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

N/A

FIELD OF THE INVENTION

The present invention relates to a method and system for
thermal tissue treatment, and 1n particular, towards systems
and methods of use thereof for treating multiple tissue sites
having varying geometries.

BACKGROUND OF THE INVENTION

Mimimally 1nvasive devices, such as catheters, are often
employed for surgical procedure, including those mvolving
ablation, dilation, and the like. In a particular situation, an
ablation procedure may ivolve creating a series ol inter-
connecting lesions in order to electrically 1solate tissue
believed to be the source of an arrhythmia. During the
course of such a procedure, a physician may employ several
different catheters having variations in the geometry and/or
dimensions of the ablative element in order to produce the
desired ablation pattern. Each catheter may have a unique
geometry for creating a specific lesion pattern, with the
multiple catheters being sequentially removed and replaced
to create the desired multiple lesions. Exchanging these
various catheters during a procedure can cause inaccuracies
or movement 1n the placement and location of the distal tip
with respect to the tissue to be ablated, and may further add
to the time required to perform the desired treatment. These
potential inaccuracies and extended duration of the particu-
lar procedure increase the risk to the patient undergoing
treatment. Accordingly, 1t would be desirable to provide a
single medical device having the ability to provide ablative
patterns of various shapes, without the need for additional
catheters or the like having a single geometric orientation,
and thus, limited 1n the ability to provide multiple ablative
patterns.

SUMMARY OF THE INVENTION

The present invention advantageously provides a medical
system having the ability to provide ablative patterns of
various shapes to treat diflerent targeted tissue sites while
maintaining a substantially static position of the medical
device. In particular, a medical device 1s provided, having an
clongate catheter body; a first treatment region on the
catheter body; a second treatment region proximal to the first
treatment region, where the second treatment region defines
a first detlection profile and 1s disposed between two adja-
cent catheter body segments defining deflection profiles
different from the first deflection profile, and a third treat-
ment region located distally of the first treatment region. The
first treatment region may include an expandable element
and the second treatment region can include a substantially
linear thermal segment. The first treatment region may be
operable independently from the second treatment region.
The device may further include a first fluid flow path 1n fluid
communication with the first treatment region, a second

10

15

20

25

30

35

40

45

50

55

60

65

2

flud flow path in fluid communication with the second
treatment region, and a cryogenic fluid source in fluid
communication with at least one of the first and second fluid
flow paths. Radiopaque markers may be positioned at a
boundary between the second treatment region and one of
the adjacent catheter body segments.

An 1travascular catheter 1s also provided, including a
flexible elongate body; an expandable element positioned on
the elongate body; a substantially linear thermal segment
located proximally of the expandable element, the thermal
segment including a flexibility or deformational capacity,
where the thermal segment 1s positioned between two adja-
cent portions of the catheter body each including a tlexibility
or deformational capacity diflerent from the thermal seg-
ment (for example, the adjacent portions having a rigidity
greater than a rigidity of the thermal segment); a first fluid
flow path mm fluild communication with the expandable
clement; and a second fluid tlow path 1 fluid communica-
tion with the thermal segment. The first fluid flow path may
be operable independently from the second fluid flow path.
The first fluid flow path may include a first fluid 1njection
lumen, the second fluid flow path may include a second fluid
injection lumen; and the first fluid flow path and the second
fluid flow path can include a common exhaust lumen.

A method of treating cardiac tissue 1s also provided,
including positioning an expandable element of a medical
device proximate a pulmonary vein; positioning a substan-
tially linear thermal segment of the medical device proxi-
mate an atrial wall, the thermal segment being more flexible
than medical device segments adjacent to the thermal seg-
ment; applying a detlective force from a proximal portion of
the medical device to the thermal segment, the deflective
force causing the thermal segment to detflect towards the
atrial wall; and ablating at least one of the pulmonary vein
and the atrial wall with the medical device. Positioning the
expandable element can include expanding the expandable
clement 1n the pulmonary vein to substantially occlude the
pulmonary vein; applying a detlective force can include
applying an axial force in a distal direction along a longi-
tudinal axis of the medical device; and ablating at least one
of the pulmonary vein and the atrial wall can include
circulating a cryogenic fluid through at least one of the
expandable element and the thermal segment.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present invention,
and the attendant advantages and features thereof, will be
more readily understood by reference to the following
detailed description when considered in conjunction with the
accompanying drawings wherein:

FIG. 1 1s an 1llustration of an embodiment of a medical
system constructed 1n accordance with the principles of the
present 1nvention;

FIG. 2 1s an 1llustration of an embodiment of a medical
device constructed 1n accordance with the principles of the
present 1nvention;

FIG. 3 1s an additional 1llustration of the medical device
shown 1n FIG. 2; and

FIG. 4 15 an illustration of an exemplary use of a medical
device constructed in accordance with the principles of the
present invention; and

FIG. 5 1s an additional illustration of an exemplary use of
a medical device constructed 1n accordance with the prin-
ciples of the present invention.
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DETAILED DESCRIPTION OF TH.
INVENTION

(L]

The present invention advantageously provides a medical

system having the ability to provide ablative patterns of 5

various shapes to treat diflerent targeted tissue sites while
maintaining a substantially static position of the medical
device. Referring now to the drawing figures 1n which like
reference designations refer to like elements, an embodi-
ment of a medical system constructed in accordance with
principles of the present invention i1s shown n FIG. 1 and
generally designated as “10.” The system generally includes
a cooling unit or console 12 coupled to a medical device 14
through an umbilical system 16. The medical device 14 may
be a medical probe, a catheter, a balloon-catheter, as well as
other devices deliverable or otherwise positionable through
the vasculature and/or proximate to a tissue region for
treatment. In particular, the medical device 14 may include
a device operable to thermally treat a selected tissue site,
including cardiac tissue. The medical system 10 may also
include one or more sensors to monitor the operating param-
cters throughout the system, including for example, pres-
sure, temperature, tlow rates, volume, or the like in the
console 12, the umbailical system 16, and/or the medical
device 14.

Umbilical system 16 may include three separate umbili-
cals: a coaxial cable umbilical 18, an electrical umbilical 20
and a vacuum umbilical 22. Although separate umbilicals
are shown, 1t 1s contemplated that one or more connections
may be included in one or more umbilicals having one or
more coaxial or otherwise integrally contained passages or
conduits therethrough providing electrical and fluid com-
munication between the medical device 14 and the console
12. An outer vacuum umbilical may be suitable for a medical
device having multiple layers or balloons. If the user wishes
to perform a radiofrequency (“RF”) ablation procedure,
radiofrequency energy can be provided to electrodes on the
medical device 14 via electrical umbailical 20 to perform an
RF ablation technique. Electrical umbilical 20 can include
an electrocardiograph (“ECG”) box 24 to facilitate a con-
nection from one or more electrodes on the medical device
14 to an ECG monitor (not shown). Coaxial umbilical 18
may 1include both a cooling injection umbilical and a
vacuum umbilical that provide respective inlet and return
paths for a refrigerant or coolant used to cool a tissue-
treating section of the device 14. The vacuum umbailical 22
may provide a safety conduit allowing excess coolant or gas
to escape from the device 14 if the pressure within the
medical device 14 exceeds a predefined limit. The vacuum
umbilical 22 can also be used to capture air through a leak
of the outer vacuum system where 1t 1s outside the patient
and as a lumen to ingress blood when 1nside the patient.

Now referring to FIG. 2, the medical device 14 1s shown
in more detail. The medical device 10 may include an
clongate body 26 passable through a patient’s vasculature.
The elongate body 26 may define a proximal portion and a
distal portion, and may further include one or more lumens
may disposed within the elongate body 26 thereby providing
mechanical, electrical, and/or fluild communication between
the proximal portion of the elongate body 26 and the distal
portion of the elongate body 26. For example, the elongate
body 26 may include an injection lumen 28 and an exhaust
lumen 30 defiming a fluid tflow path therethrough. In addi-
tion, the elongate body 26 may include a guidewire lumen
32 movably disposed within and/or extending along at least
a portion of the length of the elongate body 26 for over-
the-wire applications. The guidewire lumen 32 may define a
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proximal end and a distal end, and the guidewire lumen 32
may be movably disposed within the elongate body 26 such
that the distal end of the guidewire lumen 32 extends beyond
and out of the distal portion of the elongate body 26.

The medical device may include one or more treatment
regions lor energetic or other therapeutic interaction
between the medical device 14 and a treatment site. The
treatment regions may deliver, for example, radiofrequency
energy, cryogenic therapy, or the like. For example, the
device 14 may include a first treatment region 34 having a
thermal treatment element, such as an expandable mem-
brane or balloon and/or one or more electrodes or other
thermally-transmissive components, at least partially dis-
posed on the elongate catheter body. In a particular example,
the first treatment region 34 may include a first expandable/
inflatable element or balloon 36 defimng a proximal end
coupled to the distal portion of the elongate body 26 of the
medical device 14, while further defining a distal end
coupled to the distal end of the guidewire lumen 32. As such,
due to the movable nature of the guidewire lumen 32 about
the elongate body 26, any axial and/or longitudinal move-
ment of the guidewire lumen 32 may act to tension or loosen
the first expandable element 36, 1.e., extend or retract the
expandable element 36 from a lengthened state to a short-
ened state during an inflation or detlation thereof. In addi-
tion, the first expandable element 36 may have any of a
myriad of shapes, and may further include one or more
matenal layers providing for puncture resistance, radiopac-
ity, or the like. The first expandable element 36 may be 1n
communication with the fluid injection and exhaust lumens
of the medical device 14 as described above.

The medical device 14 may further include a second
expandable/inflatable element or balloon 38 contained
within or otherwise encompassed by the first expandable
clement 36 such that an interstitial region, envelope or space
40 1s defined therebetween. The second expandable element
38 may be 1n commumnication with the fluid 1injection and
exhaust lumens of the medical device 14 as described above,
1.e., a fluid flow path may provide an inflation fluid or
coolant, such as a cryogenic fluid or the like, to the interior
of the second expandable element 38. Further, the interstitial
region 40 may be 1n fluid communication with an interstitial
lumen 42 providing a fluid flow path or avenue separate and
independent from a fluud flow path delivering fluid or
otherwise 1n communication with an interior of the second
expandable element 38. The second pathway provides an
alternate exhaust route for flmd that may leak from the
interior of the second expandable element 38 into the
interstitial region 40 or fluid entering the medical device 14
from the exterior. In particular, the 1solation of the interstitial
lumen 42 from the interior of the second expandable element
38 provides an alternate route for fluid to circulate 1n the
case ol a rupture or leak of either the first or second
expandable elements, as well as allowing for the 1njection or
circulation of fluids within the interstitial region 40 inde-
pendently of fluids directed towards the second expandable
clement 38. Towards that end, the interstitial region may be
in fluid communication with a fluid source, a vacuum
source, or the like separate from a fluid source, vacuum
source or otherwise 1n fluid communication with the interior
of the second expandable element 38. Alternatively, the
interstitial lumen 42 may be joined to or otherwise in fluid
communication with the mnjection lumen 28 and the interior
of the second expandable element 38 to provide a single
exhaust or vacuum source for the medical device 14.

Now referring to 3, the medical device may further
include a second treatment region 44 located proximally of
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the first treatment region 34, where the second treatment
region 44 1s operable independently and separately from the
first treatment region 34. For example, the second treatment
region 44 may be fluidically isolated or sealed from fluid
flow with the first treatment region 34. The first and second
treatment regions 34, 44 may generally provide the ability to
deliver therapeutic treatment to a plurality of locations while
maintaining the medical device 14 1n a substantially fixed or
static position.

The two treatment regions may also provide the ability to
provide treatment or therapeutic energy to varying locations
having different dimensions, shapes, or other geometric and
anatomical characteristics. As described above, the first
treatment region 34 may include one or more expandable
clements or balloons. The first treatment region 34 may thus
provide for arcuate, circular, and/or circumierential treat-
ment patterns. In turn, the second treatment region 44 may
include a substantially linear, elongate thermal segment 46
enabling energetic or thermal exchange with a contacted
tissue area. Of note, the thermal segment 46 may be sub-
stantially linear when not experiencing any external loading
or force, but may retain suthicient flexibility to curve into an
arcuate, curvilinear shape to contact a desired tissue region.
The thermal segment may be constructed from one or more
materials imparting thermally conductive properties, such as
nylon, polyethylene terephthalate (*PET”), and/or polyeth-
ylene (“PE”) for example. In particular, the thermal segment
46 may provide suflicient thermal conductivity for ablation
of contacted tissue through the use of a cryogenic refrigerant
or a radiofrequency or other heat source coupled to or

otherwise 1n thermal communication with the thermal seg-
ment 46.

Such thermal communication may be achieved, for
example, by a fluid flow path 1n fluild communication with
the thermal segment 46 that 1s independently operated or
otherwise separated from a fluid flow path delivering a
cooling or treatment medium to the first treatment region 34.
For example, a secondary fluid mjection lumen 48 may be
in flmmd communication with an interior of the thermal
segment 46 of the second treatment region 44. The second-
ary fluid 1njection lumen 48 may include one or more
apertures 30 therein for dispersing, expanding, or otherwise
delivering a fluid to the thermal segment 46. The secondary
fluid 1njection lumen 48 may be placed 1 fluid communi-
cation with a fluid supply common to the first treatment
region 34, or may be coupled to a separate and indepen-
dently operated fluid source. Where a common fluid source
1s elected, one or more valves, controllers, or the like may
provide for the controlled, independent, and separate dis-
persion or circulation of fluid through the two imjection
lumens. Such valves, controllers, or the like may be located
in a portion of the medical device 14 and/or 1n the console
12.

The thermal segment 46 may further include sealed
transverse sections or walls 52, 52' spanning from the outer
walls or layers of the elongate body 26 and around the one
or more lumens extending towards the distal portion of the
medical device that restrict or wholly prevent fluid dispersed
within the thermal segment 46 from travelling distally
towards the first treatment region 34. The thermal segment
46 may further include a secondary exhaust lumen (not
shown), or the exhaust lumen 30 may be i fluid commu-
nication with the second treatment region 44, thereby allow-
ing a single exhaust or vacuum source to remove expended
coolant from both the first and second treatment regions
jointly.
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Continuing to refer to FIG. 3, the medical device may
further include a third treatment region 53 located distally of
the first treatment region 34, where the third treatment
region 53 1s operable independently and separately from the
first and second treatment regions 34, 44 through one or
more independently operated and/or 1solated fluid lumens
(not shown). For example, the third treatment region 33 may
be fluidically 1solated or sealed from fluid flow with the first
and second treatment region. The plurality of treatment
regions 34, 44, 53 may generally provide the ability to
deliver therapeutic treatment to a plurality of locations while
maintaining the medical device 14 1n a substantially fixed or
static position. In particular, the third treatment region 53
may provide for a “spot” ablation of discrete tissue loca-
tions, while also providing for anchoring of the distal end of
the medical device 14 through cryoadhesion with contacted
tissue. The third treatment region 33 may be constructed
from one or more metals, thermally conductive polymers,
and/or composites thereof.

The medical device 14 may further include one or more
temperature and/or pressure sensors (not shown) proximate
the treatment region(s) for monitoring, recording or other-
wise conveying measurements ol conditions within the
medical device 14 or the ambient environment at the distal
portion of the medical device 14. The sensor(s) may be in
communication with the console 12 for imitiating or trigger-
ing one or more alerts or therapeutic delivery modifications
during operation of the medical device 14.

Retferring to FIGS. 2 and 3, the medical device 14 may
include a handle 54 coupled to the proximal portion of the
clongate body 26, where the handle 54 may include an
clement such as a lever or knob 356 for manipulating the
catheter body and/or additional components of the medical
device 14. For example, a pull wire 538 with a proximal end
and a distal end may have 1ts distal end anchored to the
clongate body 26 at or near the distal end. The proximal end
of the pull wire 58 may be anchored to an element such as
a cam 1n communication with and responsive to the lever 56.

The handle 54 can further include circuitry for i1dentifi-
cation and/or use in controlling of the medical device 14 or
another component of the system. For example, the handle
may include one or more pressure sensors 60 to monitor the
fluid pressure within the medical device 14. Additionally, the
handle may be provided with a fitting 62 for receiving a
guidewire that may be passed into the guidewire lumen 32.

The handle 54 may also include connectors that are
matable directly to a flmid supply/exhaust and control unit or
indirectly by way of one or more umbilicals. For example,
the handle may be provided with a first connector 64 that 1s
matable with the co-axial fluid umbailical 18 and a second
connector 66 that 1s matable with the electrical umbilical 20.
The handle 54 may further include blood detection circuitry
68 1n fluid and/or optical communication with the 1njection,
exhaust and/or interstitial lumens. The handle 54 may also
include a pressure relief valve 70 1n fluild communication
with the imjection, exhaust and/or interstitial lumens to
automatically open under a predetermined threshold value 1n
the event that value 1s exceeded.

Continuing to refer to FIGS. 2-3, the medical device 14
may 1nclude an actuator element 72 that 1s movably coupled
to the proximal portion of the elongate body 26 and/or the
handle 34. The actuator element 72 may further be coupled
to the proximal portion of the guidewire lumen 32 such that
mampulating the actuator element 72 1 a longitudinal
direction causes the guidewire lumen 32 to slide towards
either of the proximal or distal portions of the elongate body
26. As a portion of either and/or both the first and second
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expandable elements 36,38 may be coupled to the guidewire
lumen 32, manipulation of the actuator element 72 may
turther cause the expandable element(s) to be tensioned or
loosened, depending on the direction of movement of the
actuator element 72, and thus, the guidewire lumen 32.
Accordingly, the actuator element 72 may be used to provide
tension on the expandable element(s) 36,38 during a par-
ticular duration of use of the medical device 14, such as
during a deflation sequence, for example. The actuator
clement 72 may include a thumb-slide, a push-button, a
rotating lever, or other mechanical structure for providing a
movable coupling to the elongate body 26, the handle 54,
and/or the gumidewire lumen 32. Moreover, the actuator
clement 72 may be movably coupled to the handle 54 such
that the actuator element 72 1s movable nto i1ndividual,
distinct positions, and 1s able to be releasably secured 1n any
one of the distinct positions.

Referring again to FIG. 3, the second treatment region 44
may be deflectable, steerable, or otherwise manipulated 1nto
a desired position or configuration independently or difler-
ently from the first treatment region 34 and/or adjacent
portions of the elongate body 26. In particular, the elongate
body 26 of the medical device 14 may be constructed from
one or more layers 74, 74" of matenial or differing compo-
nents to provide a desired degree of flexibility while main-
taining the capability to transmit torque along the length of
the medical device 14. The layers 74, 74' may include a
multitude of polymers, plastics, and composites thereot, as
well as braided or other structural reinforcing maternals/
components running therethrough. The elongate body 26
may further include one or more steering wires 76 or
actuation mechanisms to deliver a force to a particular
segment or portion of the medical device 14, such as a region
proximate to the second treatment region 44, 1n addition to
the pull wire 38 described above, which may provide
deflection or steering of the first treatment region 34. The
construction of the elongate body 26 substantially dictates
its resulting deflection or bending behavior when a force 1s
applied, 1.e., 1ts detlection profile.

The second treatment region 44 may define a detlection
profile different from a deflection profile or behavior of
adjacent sections 78, 78' of the catheter body 26. For
example, the thermal segment 46 of the second treatment
region 44 may have a construction different from the adja-
cent sections 78, 78' of the catheter body 26, resulting 1n a
different flexibility, deflection or bending result when a force
1s applied. The different construction may include different
use or multitudes of select materials, as well as using
selected materials 1in a different order or relationship to one
another. In a particular example, the second treatment region
44 may have greater tlexibility than the adjacent section 78,
78'. The thermal segment 46 may have a width or thickness
of material less than a width of material constituting portions
of the catheter body 26. In addition and/or as an alternative,
the thermal segment 46 may be devoid of or have reduced
structural reinforcing components (such as braided con-
structs, longitudinal splines, deflection biasing members, or
the like) compared to portions of the catheter body 26. The
variations in deflection behavior between the second treat-
ment region 44 and the surrounding portions of the catheter
body 26 may allow the second treatment region 44 to be
deflected or bent towards a targeted tissue for treatment
while the medical device 14 remains substantially static or
in place. In addition, the variations 1n bending or deflection
behavior between the second treatment region 44 and the
surrounding catheter body segments may allow for the
transmission of a deflective force from a catheter body
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section to the second treatment region 44, as described 1n
more detail below. In addition, one or more radiopaque
markers 79, 79' may be positioned at a boundary between the
second treatment region 44 and either of the adjacent
catheter body sections or segments 78, 78' to facilitate
positioning of the treatment region through known medical
imaging methodologies.

In an exemplary system, a flmd supply 80 including a
coolant, cryogenic refrigerant, or the like, an exhaust or
scavenging system (not shown) for recovering or venting
expended fluid for re-use or disposal, as well as various
control mechanisms for the medical system may be housed
in the console 12. In addition to providing an exhaust
function for the catheter fluid supply, the console 12 may
also include pumps, valves, controllers or the like to recover
and/or re-circulate fluid delivered to the handle 54, the
clongate body 26, and treatment region(s) 34,44 of the
medical device 14. A vacuum pump in the console 12 may
create a low-pressure environment in one or more conduits
within the medical device 14 so that fluid 1s drawn into the
conduit(s) of the elongate body 26, away from the treatment
region(s) 34, 44, and towards the proximal end of the
clongate body 26. The console 12 may include one or more
controllers, processors, and/or software modules containing
instructions or algorithms to provide for the automated
operation and performance of the features, sequences, or
procedures described herein.

Now referring to FIGS. 4-5, 1n an exemplary method of
use, the medical system 10 may be used to deliver thera-
peutic treatment to a plurality of targeted tissue areas. For
example, the medical device 14 may be positioned and
operated to ablate targeted tissue region 1n the heart. The first
treatment region 34 may be positioned 1n the proximity of a
pulmonary vein opening or junction 82 with a portion of the
atrial wall 84. Where the first treatment region 34 includes
an expandable element, the expandable element may be
inflated or otherwise expanded to substantially occlude the
pulmonary veimn. The occlusion reduces the blood flow
around the treatment region 34, thereby allowing enhanced
thermal exchange between the medical device 14 and the
targeted tissue. The occlusion may further anchor a distal
portion of the medical device 14, thereby facilitating addi-
tional maneuvering, deflection, or the like of proximal
portions of the catheter body 26.

In particular, once the first treatment region 34 has been
positioned where desired, the second treatment region 44
may subsequently be positioned proximate targeted tissue
for treatment elsewhere 1n the heart, such as the right atrial
isthmus. The general placement and positioning of the
second treatment region 44 may be facilitated by the imag-
ing and tracking of the markers 79, 79' located at the
boundaries of the second treatment region 44. Further to the
general placement of the second treatment region 44, the
second treatment region may then be steered or otherwise
deflected towards the specific tissue to be treated. The
deflection may be achieved by applying a deflection force at
the proximal end of the catheter body 26, through the handle
54 for example. The force may be a compressive, linear
force transmitted along a longitudinal axis of the catheter
body 26. Given the anchoring of the first treatment region
34, and the increased rigidity of the catheter body segments
78, 78' adjacent the second treatment region 44, the second
treatment region 44 may detlect outwards or “buckle” as a
result of the linearly/longitudinally applied detlection force
(as shown 1n FIG. 8). This detlection or “buckling” may thus
cause increased contact and pressure between the second
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treatment region 44 and the targeted tissue, thereby provid-
ing enhanced or otherwise increased thermal exchange for
tissue treatment.

Once the first and second treatment regions have be
appropriately positioned as described above, the first and
second treatment regions 34, 44 may be operated to aflect a
desired therapy, such as tissue ablation. The tissue ablation
may be achieved by the circulation of a cryogenic fluid
through erther and/or both of the first and second treatment
regions sequentially and/or simultaneously, for example.

It will be appreciated by persons skilled in the art that the
present mnvention 1s not limited to what has been particularly
shown and described herein above. In addition, unless
mention was made above to the contrary, 1t should be noted
that all of the accompanying drawings are not to scale. A
variety ol modifications and variations are possible 1n light
of the above teachings without departing from the scope and
spirit of the invention, which 1s limited only by the following
claims.

What 1s claimed 1s:

1. A cryosurgical medical device, comprising:

an elongate catheter body having a proximal portion and
a distal portion;

an expandable first thermally transmissive region on an
external surface of the distal portion of the catheter
body, the first thermally transmissive region having an
expandable element;

a non-expandable second thermally transmissive region
defining an external surface of the medical device
proximal to the first thermally transmissive region,
wherein the second thermally transmissive region
defines a first deflection profile and 1s disposed between
a first adjacent catheter body segment and a second
adjacent catheter body segment defining deflection
profiles different from the first detlection profile, the
first adjacent catheter body segment being located
between the first thermally transmissive region and the
second thermally transmaissive region, the second ther-
mally transmissive region and the first and second
adjacent catheter body segments together having a
continuous fixed diameter;

a third thermally transmissive region located distal to the
first thermally transmissive region;

a first flmd flow path 1n fluid communication and thermal
exchange with the first thermally transmissive region;
and

a second fluid tlow path having one or more apertures and
being 1 fluid communication and thermal exchange
with the second thermally transmissive region, the one
or more apertures being located within the second
thermally transmissive region, the first fluid flow path
and the second fluid tlow path being fluidly 1solated
from each other,

cach of the first, second, and third thermally transmissive
regions being configured to be activated independently.

2. The medical device of claim 1, wherein the elongate
catheter body defines a longitudinal axis, the second ther-
mally transmissive region including a linear thermal seg-
ment that 1s coaxial with the longitudinal axis.

3. The medical device of claim 1, wherein the second
thermally transmissive region 1s more flexible than the
adjacent catheter body segments.
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4. The medical device of claim 1, turther comprising a
cryogenic fluid source in fluid communication with at least
one of the first and second flmid flow paths.

5. The medical device of claim 1, further comprising a

> radiopaque marker positioned at a boundary between the
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second thermally transmissive region and one of the adja-
cent catheter body segments.

6. An imtravascular cryotreatment catheter, comprising:

a flexible elongate body having a proximal portion, a
distal portion, a distal tip, and a longitudinal axis;

an expandable element positioned on the distal portion of the
clongate body;

a non-expandable linear thermal segment located proxi-
mally of the expandable element on the elongate body
and defining an outermost surface of the catheter,
wherein the linear thermal segment 1s positioned
between a first adjacent elongate body segment and a
second adjacent elongate body segment, the first and
second adjacent elongate body segments each having a
rigidity greater than a rigidity of the linear thermal
segment, the first adjacent elongate body segment
being located between the expandable element and the
linear thermal segment, the linear thermal segment and
the first and second adjacent portions of the elongate
body segments together having a continuous fixed
diameter:

a distal tip thermal treatment region located distal to the
expandable element;

a first fluud flow path m fluid communication with the
expandable element;

a second fluid flow path 1n fluid communication with the
linear thermal segment; and

a first transverse wall within the elongate body between
the linear thermal segment and the first adjacent elon-
gate body segment; and

a second ftransverse wall within the elongate body
between the linear thermal segment and the second
adjacent elongate body segment, each of the first trans-
verse wall and the second transverse wall lying 1n a
plane that 1s substantially orthogonal to the longitudinal
axis of the elongate body, the first transverse wall
preventing a flow of a fluid dispersed within the linear
thermal segment to the expandable element.

7. The intravascular catheter of claim 6, wherein the first
fluid flow path 1s operable independently from the second
fluid tlow path.

8. The intravascular catheter of claim 6, wherein the first
fluid tflow path includes a first fluid 1njection lumen, and the
second fluid flow path includes a second fluid injection
lumen.

9. The intravascular catheter of claim 8, wherein the first
fluid tlow path and the second fluid flow path include a
common exhaust lumen.

10. The intravascular catheter of claim 6, further com-
prising a cryogenic fluid source in tluid communication with
at least one of the first and second fluid flow paths.

11. The intravascular catheter of claim 6, further com-
prising a radiopaque marker positioned at a boundary
between the linear thermal segment and one of the first and
second adjacent elongate body segments.
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